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Abstract 
Weight saving is targeted in different industrial sectors. This leads to increasing numbers of applications of fibre 
composites for primary structural components. In consequence the use of composites made of FRP and metals are highly 
attractive. 
Within the investigations of the researcher group ’Schwarz-Silber‘ (FOR 1224) funded by the DFG (Deutsche 
Forschungsgemeinschaft) new interface structures for advanced FRP-aluminium hybrid structures are currently 
investigated. By these combinations a weight reduction by a factor of two is aspired compared to conventional riveting 
connections. 
This paper focuses the research in the so called fibre concept and the integration of glass fibre structures in aluminium 
parts via casting technologies. During the investigations of integral CFRP-Al compounds, glass fibre structures were 
integrated directly into near-net-shaped castings. The challenges are the infiltration of fibre structures with aluminium and 
a reproducible positioning in the cast part. In this study the high pressure die casting and the Lost Foam casting processes 
were examined. 
© 2013 The Authors. Published by Elsevier Ltd. 
Selection and/or peer-review under responsibility of Conference organizers(MSE-Symposium B6) 
Keywords: CFRP-aluminium composites; glass fibres; hybrid structure; high pressure die casting; Lost Foam, transition structure 
* Corresponding author. Tel.: +49 421 2246-273; fax: +49 421 2246-300. 
E-mail address: jan.clausen@ifam.fraunhofer.de. 
Available online at www.sciencedirect.com
 013 The Authors. Published by Elsevier Ltd. Open access under CC BY-NC-ND license.
lection and pee -review under responsibility of Conference rganizers (MSE-Symposium B6).
198   J. Clausen et al. /  Procedia Materials Science  2 ( 2013 )  197 – 203 
1. Motivation and Introduction 
One of the examined approaches to realize a transition structure between aluminium and carbon fibres is 
the so called fibre concept. In this concept two different methods are investigated. The first approach 
integrates fibre loops into the aluminium castings and ’entangles‘ them with carbon fibre (CF) loops. Within 
the second approach, glass fibre laminates are integrated into the castings, which are gradually replaced with 
C-fibre fabrics subsequently to pass into the CFRP component. Both approaches share the subsequent 
infiltration with epoxy resin (see Figure 1). The transition structure is made of glass fibres in order to achieve 
an electrochemical decoupling between aluminium and the carbon fibres. A direct contact between these two 
materials would lead to an increased corrosive degradation on the aluminium because of the electrochemical 
noble CF compared to aluminium [1] [2]. 
The presented approaches relate to the integration of the glass fibre structures in aluminium parts using 
casting technologies and the associated challenges. 
 
 
Figure 1: schematic structure of the fibre concept 
A major challenge is to stabilize and tense the fibres in the high pressure die casting process due to the high 
pressures and speeds of the molten aluminium during the filling of the mould [3]. In cooperation with the 
Faserinstitut Bremen e.V. (FIBRE) different cast inserts were created to investigate the stability of the fibres 
during the process. Another challenge is to cover a part of the fibres to achieve a partial infiltration, so that it 
will be possible to connect carbon fibres to the glass fibre structure in subsequent steps to build up the CFRP-
laminate without contact to the aluminium. The covering material has to be removed from the fibres after the 
casting process without leaving any deposits on it to fulfil the requirements of a clean fibre-surface for good 
adhesion to the epoxide. 
Due to these challenges another casting technique is under investigation: the Lost Foam casting process. In 
this case the sealing can be achieved with the help of the forming sand. The positioning of the fibre structure 
in the EPS (expanded polystyrene) model is quite easy. In contrast to high pressure die casting, the Lost Foam 
casting process is a method that is suitable for small quantities but allows a very high degree of freedom in the 
design of the casting. The melt is filled into the cavity without additionally acceleration or high pressure, 
comparable to conventional sand casting techniques. 
2. Experimental 
2.1. Glass fibre preforms 
The manufacturing of fibre preforms for integration in the cast component was performed by ’tailored fibre 
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and that several layers can be put down for optimized using of the available space. A disadvantage is that the 
ground fabric, which is necessary to stabilize the geometry, cannot be removed. Further the C-fibres have to 
be connected to the fibre loops manually. 
The glass fibre preforms, which are integrated into the aluminium castings, have to withstand high 
temperatures. Hence, heat resistant materials are needed. The temperature of the molten aluminium is about 
700 °C. Therefore for the important components of the preform (ground fabric and roving) S-glass fibres were 
chosen, which have an adequate high heat resistance [5] [6]. The embroidery thread is only available as a 
conventional E-glass fibre, but this is sufficient for use in this application. The geometry and structure of the 




Figure 2: glass fibre preform 
2.2. Stabilization and sealing of the preforms 
For the experiments in the high pressure die casting it is necessary that the fibre structures are positioned 
within the casting mould and tensioned so that the fibres will not be carried away undefined by the inflowing 
melt and pressed against the boundary of the mould. The positioning is ensured by the selection of a suitable 
area within the mould. For stabilizing a holding frame made of aluminium is used in which the fibre preform 
can be kept with the help of tension wires. Various clamping versions of the fibre preforms were investigated 
in casting experiments to verify their suitability. In Figure 3 two variants are exemplified. 
 
  
Figure 3: exemplary clamping variants a) and b) 
To realize the connection with loops to the C-fibres, the loop ends of the glass fibres have to protrude out 
of the aluminium component. To achieve this, a part of the fibre structure has to be sealed with suitable 
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as a suitable material. Due to the silicone the fibre structure can be easily and flexibly sealed. After the casting 
process it can be removed from the glass fibres without leaving any residues. 
2.3. Infiltration characteristics of glass fibre structures 
To support a form closed connection of the fibres with the surrounding aluminium, an adhesion and 
therefore an infiltration of the fibre textile is necessary. The possibility of infiltration of fine glass structures in 
the high pressure die casting process has already been demonstrated [7]. In addition to the high pressure die 
casting process these investigations were also carried out in the Lost Foam casting process. An identical 
aluminium alloy was selected to compare both methods: the common die cast alloy EN AC 46000 / 226D 
(AlSi9Cu3(Fe)) [8]. To evaluate the content of the infiltrated glass fibre roving after casting, metallographic 
sections were made transversely to the glass fibre direction. 
3. Discussion 
3.1. Results of stabilization concepts 
After the casting process, the position of the fibre structures in the aluminium was determined by computer 
tomography (CT) (see Figure 4b). A three dimensional scan allows analysing several samples simultaneously. 
The position of the fibre structures was investigated for all samples and quantified with the aid of image 
processing methods. The surface of the glass fibre structure – which was pressed to the border of the mould 
(x-direction) during the casting – was examined as well as the compression of the fibre loops (y-direction). 
The investigations have shown that the stabilization with a single wire (as shown in Figure 3b) provides the 
best results so far. 
 
  
Figure 4: exemplary CT scan of five specimens (b) and their position in the aluminium (a) 
3.2. Results of infiltration characteristics 
Within the high pressure die casting process an almost complete infiltration was achieved due to the higher 
mould filling speed and redensification in this casting process (Figure 5). Within the Lost Foam method only 
the metallostatic pressure can be used to achieve an infiltration of the fibre structures (Figure 6). Therefore 
only a low infiltration rate could be achieved; the glass fibre structure was penetrated by the aluminium in the 
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Figure 5: with aluminium infiltrated glass fibre roving by high pressure die casting (micro section created at Stiftung 




Figure 6: with aluminium infiltrated glass fibre roving by Lost Foam casting (micro section created at Stiftung 
Institut für Werkstofftechnik - IWT, Bremen) 
 
The area of the glass fibre structure which is not infiltrated with aluminium can be filled with a low-viscosity 
epoxy resin within the next manufacturing step. The influence of the infiltration content on the tensile strength 
is part of the following investigations. 
4. Summary and Outlook 
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In previous work, the feasibility of integrating glass fibre structures into aluminium castings, which serves 
as a connecting element to a CFRP component, was shown. Besides the high pressure die casting process the 
Lost Foam process has been studied as well. Both methods provide different advantages and each is suitable 
for different components and piece sizes. 
Orienting tensile tests of complete connections were performed as seen in Figure 7. The results show that 
the connection zone between the glass fibres and the aluminium compound is not a critical area within the 
complete connection. Further steps will focus on the effect of the infiltration content of the glass fibre 
structures related to the tensile strength of the complete connection. 
Relative to the weight, that is in the present connection significantly lower than for a conventional riveting, 
a similar high tensile strength of the connection has been achieved. In addition, the new connection concept 
shows different advantages compared to conventional types of connections between aluminium and CFRP 
concerning to the weight, which can be approximately decreased by 50 % as well as relating to a significantly 
improved corrosion resistance. This is achieved by an electrochemical decoupling between the connection 
partners aluminium and CFRP by the glass fibre layer. 
 
In the high pressure die casting process other possibilities will be developed and investigated in order to 
clamp the fibres (cf. chapter 2.2). For the Lost Foam process surface modifications of the fibres will be 
elaborated to improve the wetting by the aluminium. Therefore CVD and PE-CVD deposed layers of metals 
with lower melting point compared to aluminium are targeted. Infiltration properties will be improved by 
adapting the casting parameters, suitable surface modification or using different aluminium alloys with lower 
viscosity or lower surface tension. 
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